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(54) Method of making spray-formed inserts 

(57) Method of maldng seat inserts by thermally 
spraying bulk material. The method comprises the steps 
of: (i) preparing a mandrel (10) having an outside 
dimension (11) not greater than the desired inside 
dimension of the desired insert, the mandrel (10) having 
means to provide for separation of the sprayed bulk 
material from the mandrel (10), (ii) thermal spraying 
separate particles of one or more types of steel or nickel 



alloys in the presence of a controlled oxidtzing medium 
to form a bulk composite material (17) on the mandrel 
(10) with a density of at least 99% and, (iii) after cooling 
the bulk material (17). removing such material from the 
mandrel and slicing it into discrete seat shapes (29) for 
implanting into the final product. 




FIG.2A 
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Description 

[0001] This invention relates to the technology of 
spray-forming bulk materials to create objects, and 
more particularly to maidng high-performance inserts 
without chemistry constraints using spray-forming tech- 



[0002] Inserts have been used to enhance the physi- 
cal characteristics of certain parts of a component, par- 
ticularly components in an automotive engine. For 
example, steel alloy valve seat inserts are used exten- 
sively in aluminum engine heads and in some high-per- 
formance or alternative fuel cast iron engine heads. The 
list of enhanced high-performance characteristics 
desired at the seat is often quite long, including 
increased ambient and high temperature wear resist- 
ance, higher creep resistance, higher thermal fatigue 
strength, (under repeated valve impact loading), better 
thermal conductivity, better corrosion resistance, lower 
manufacturing costs, and capability of being tribologi- 
cally conpatible with valve materials engaging the 



insen. . ^ , 

[00031 A common manufacturing approach that 
attempts to attain these characteristics is to make the 
inserts by powder metallurgy processes which involve 
several steps: weighing and blending of selected pow- 
der mixtures; compaction and green body formation in 
molds and dies; sintering and sometimes copper inf ntra- 
tion of the compact at respectively 1080-C and 1500»C: 
controlled cooling; post-sintering tempenng heat treat- 
ment; and finally machining to the desired seat dimen- 
sions This obviously is an involved process which adds 
considerable cost. To achieve tfie desired physical char- 
acteristics, chemical additions are made to the powder 
mixture of carbon, chromium, molybdenum (for wear 
resistance), cobalt and nickel (for heat resistance), and 
other additions to obtain better thermal conductivity or 
better self-lubrication. In ferrous based powder mix- 
tures, the resulting product may have its matrix consist 
of pearlite. bainite or tempered martensite depending 
on the heat treatment used during compacting and sin- 
tering. The sintered insert adLabSSXS have the same 
chemistry as the starting green compact with its micro- 
structure dependent on the heat treatment employed. 
[0004] To obtain more optimum physical charactens- 
tics in inserts, very high concentration of certain addi- 
tions (i.e. 1 5-25% wt. Cobalt; up to 20% wt. Pb) may be 
necessary, as well as the introduction of certain chemi- 
cal ingredients, such as rare earths, which, unfortu- 
nately, inhibit or prevent sintering by powder metallurgy 
techniques. Moreover, powder metallurgy does not 
allow the introduction of low cost oxides or ceramics 
during processing; ceramics are very useful to achieve 
certain of the physical characteristics. 
[0005] When an engine is run with alternate fuels such 
as natural gas or alcohol, powder metal valve seat 
inserts for internal combustion engine heads often are 
often inadequate. Powder metal valve seat inserts. 



when used for intake valve seats and alternate-fuel 
engines, often contain too IrtUe self-lubricant, such as 
lead and thus prematurely wear severely Lead is also 
undesirable as an embedded self-lubricant since it can 
5 foul catalytic surfaces used in treating emissions. 

[0006] The prior art has not attempted to use thermal 
spray-forming techniques to make high-performarwe 
inserts. The Osprey spraying technique uses a refrac- 
tory tundish to supply a stream of molten metal which is 
10 atomized under inert atmosphere or vacuum to spray- 
form bulk materials: however, difficult and exacting pro- 
cedures are necessary to control the molten bath and 
stream, thus limiting its use to making inserts uneco- 
nomically ^ ,, 

IS [0007] A method of making seat inserts by thermally 
spraying bulk material comprises the steps of : (0 pre- 
paring a mandrel having an outside dimension equiva- 
lent to the desired inside dimension of the desired 
insert, the mandrel having means to provide for separa- 
te tion of the sprayed bulk material from the mandrel, (u) 
thermal spraying separate particles of one or more 
steels or nickel alloy in the presence of a controlled oxi- 
dizing medium to form a bulk composite material on the 
mandrel with a density of at least 99% and. (iii) after 
25 cooling the bulk material, removing such matenal from 
the mandrel and slicing it into discrete seat insert 
shapes for implanting into the final product. 
[0008] The present invention provides a technique to 
fabricate high-performance inserts that not only are 
30 more economical but are not limited in chemistry or net 
limited in the ability to incorporate ceramic materials. 
The improved insert articles have a higher hardness 
and a greater thermal resistance to meet the greater 
demands of alternatively-fuelled engines. 
35 [0009] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 



Figure 1 is a schematic block diagram of the inven- 
tive method herein; 

Figure 2A is a schematic illustration of one appara- 
tus mode for carrying out the thermal spraying step 
of this invention and figure 2B is an alternative 

FijSi 3 is an enlarged view of a cylindrical bulk 
deposit made by this invention, the deposit being 
sliced into individual seat inserts; 
Figure 4 is a perspective view of an engine head 
showing seat inserts in place at tiie intake and 
exhaust ports; 

Figure 5 is a fragmentary sectional elevational view 
of a portion of an internal combustion engine head 
assembly, showing how implanted valve seats, 
made by this invention, function; and 
Figure 6 is a schematic illustration of a wear test 
apparatus used to determine flie wear charactens- 
tic of the seat inserts produced by the inventive 
method. 
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Figure 7a and 7b are micrographs of the micro- 
structure of an inventive spray-formed insert cmd a 
powder metallurgy insert respectively: and 
Rgure 8a and 8b are respectively photomicro- 
graphs of an inventive spray-lbrmed copper-infil- 
trated insert and a copper inf atrated powder metal 
insert 

[001 0] The first step of this invention (as diagrammed 
in figure 1) is that of preparing a mandrel 10 having an 
outside dimension 11 not greater than the desired 
inside dimension 12 of the designed insert to be fabri- 
cated. To make valve seat inserts for internal combus- 
tion engine heads, a tapered aluminum hollow tube 13 
is used as the mandrel; the tube has a wall thickness 1 4 
of about 0.25-0.50 inches and a surface finish of about 
6-8 micro-meters Ra. The meuvlrel is preferatily rotated 
about its own central axis 15 at a speed In the range of 
20-60 revolutions per second. Apparatus 16 is provided 
to pass cooling air or liquid through the interior of the 
tube at a flow rate of atx)ut 20-100 dm during the ther- 
mal spray step. The aluminum alloy of which the tube is 
made, has a distinctly different thermal expansion char- 
acteristic than the bulk sprayed materisJ 17 to facilitate 
eventual release of the mandrel 10 from the bulk mate- 
rial. The taper 18 of the tube outer surface is preferably 
about 2-3°, which serves to initiate debonding between 
the sprayed bulk materied and the mandrel upon cooling, 
the tube shrinking at a greater rate; as further cooling 
continues the initiated delamination, due to the taper, 
propagates throughout the axial length 19 of the bulk 
material to promote a full release. Other materials may 
be used for the mandrel, such as copper alloys or ele- 
mental iron, all being of a higher coefficient of thermal 
expansion than the deposited bulk material. An assem- 
bled mandrel that permits instantaneous release of the 
insert is also possible. 

[001 1 ] The second step requires thermal spraying of 
the bulk material onto the rotating mandrel 10. This 
uniquely creates or forms a sleeve of metalA»ide com- 
posite bulk material 17. as shown in figures 2a and 2b. 
The thermal spray technique may be wire arc, powder 
plasma, oxy-fuel, or any of the high velocity methods 
such as HVOF or detonation gun. The thermal spray 
gun has a spray head 20 advantageously placed atx)ut 
6-12 inches from the target mandrel surface 21. As the 
mandrel rotates, the thermal spray gun emits a spray 22 
of molten droplets that coats the mandrel at a rate of 
about 2-10 Ibs/hr. By repeatedly translating the gun 
back and forth across the length 19 of the mandrel (3-4 
inches or more typically), a coating thickness 32 of 
about 1/8-1/4 inch can be built up'in ^ut 15 minutes. 
Alternatively, the mandrel may be moved through a 
spray fbrming station in which several spray guns apply 
the coating to the work piece. 

[0012] The selection of the chemistry for the wire or 
powder feed supply 23 to the gun, to carry out thermal 
spraying, is less inhibited than that for powder metal- 



lurgy or the Osprey process. Novel self-lubricating com- 
posite structures may be produced by (a) constituting 
the feed material 23 of steel or nickel alloy and (b) 
shrouding the sprayed hot molten droplets in a control- 

5 led air or oxygen atmosphere 24, to produce certain 
self-lubricating oxides of steel or nickel while the drop- 
lets are still in transit to the target or during the initial 
Impact with the target. Details as to how to achieve the 
creation of self-lubricating oxides is taught in US Patent 

TO 5,592,927, the disclosure of which is incorporated 
herein by reference. 

[0013] It is advantageous if the material supply is 
selected from the group of: (i) low cartjon steel and FeO 
lubricant (2-15 wt. %); (ii) low carbon steel and high car- 

15 bon steel and FeO lubricant (2-20 wi %); and (iiQ high 
cart)on steel and nickel alloy, plus iron or nictel oxides. 
The low carbon steel may be a 1010 steel (such as a 
single wire feed 40 as shown in figure 2A) having a com- 
position of by wt.% 0.1 C; 0.6 Mn; .045 P; 0.04 S; and 

20 the balance iron. The resulting spray-formed seat will 
consist of an iron alloy matrix inside of which is dis- 
persed Fe oxides. The oxide content will vary between 
2-15 wt. % depending on the nature of the propelling 
gas (air or nitrogen) that is used during the spray The 

ss porosity of the deposited material 17 will be extremely 
low (2% or less); the inserts wrill have a hardness of 25- 
32 Rc and can be readily used in gasoline engines. The 
second material may be applied by a use of two different 
wires that are fed into a two wire arc spray gun 20, (as 

30 shown in figure 2b) the first wire 38 being the 1010 
steel, and the second vwre 39, being a high carbon steel 
having a composition of atjout 1 .0 C. 1.6-2.0 Cr, 1.6-1.9 
Mn, and tiie balance Iron. The gun can be operated 
under a power of about 25-30 volts, 100-250 amps and 

35 a 60-100 psi air pressure. The seat inserts formed in 
tills case will have a hardness value ranging from 35-42 
Rc (depending on the spray condition) with the oxide 
content being 2-20 wt. %. The third selection uses a 
high caitxMi steel wire as indicated above and a nickel 

40 based alloy wire containing 58% nidwl, and 4% Nb, 10 
% Mo, 23 % Cr and about 5 % iron; the wires are fed as 
separate wire feed stocks in a two wire arc system, witii 
ttie gun operated at a voltage of about 30-33 volts, 200- 
330 amps and 60-100 psi of air or nitrogen pressure. 

45 The inserts produced with tiie third selection comprises 
various phases of nickel, iron, Fe304, NiO, FeO and has 
hardness values ranging from 40-50 Rc. 
[0014] Copper may be introduced into the spray 
formed valve seat inserts to increase the thermal con- 

so ductivity and ability to extract heat from the valve. 
Spray-formed inserts can have copper incorporated into 
the microstructure using another flame spray gun 25 (as 
shown in figure 2b) to co-deposit the copper along writh 
tiie deposit from tiie two wire arc gun 26 as referred to 

55 above; the additional flame spray gun 25, of course 
uses a powder copper feed stock wire 27. The amount 
of copper can be precisely conb-olled by adjusting the 
flame spraying parameters. 
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[001 51 The last elemental step of the process is to cod 
the sprayed bulk material 17 to separate it from the 
mandrel 10 and slice the sleeve 28 into rings 29 (see 
figure 3) that are inserts to be implanted into the wall 30 
of an exhaust or intaKe port 41 of an aluminum engine s 
head 31 . such as shown in figures 4 and 5. The ends or 
edges 32 of the ring inserte 29 have about a 90° angle 
as a result of being sliced. These inserts are press-fit or 
shrunk fit into a complimentary machined groove or slot 
33 in the wall of the head; the implanted insert 29 and n 
wall are then machined together to provide a contour 42 
that is shaped to the cun/ed wall of the intake or exhaust 
passage 43 as shown. Usually, the valve guide 34 
immediately above the valve opening 35 with the seat 
insert are simultaneously machined to make sure that i 
the valve guide 34 and valve seat 29 are in absolute 
alignment to allow the valve 44 to function properly. 
[0016] Other mandrel release mechanisms may be 
utilized in addition to that previously described. For 
example, the mandrel may be made of steel and coated i 
with zinc or tin so that, upon spraying, the initial deposit 
will not be attached directly to the steel; the copper or 
zinc is in situ melted during the spraying process to 
assure a release. The mandrel can also be made of 
steel and wasted after the thermal spray step has been : 
completed by destructively machining the mandrel out 
of the sprayed combination. Alternatively, the mandrel 
may be formed of a dissolvable salt which, after spray- 
ing, can be eliminated by dissolution. 
[00171 As shown in figure 6. various insert materials 
were evaluated using a block-on-ring tester 36. A coun- 
terface ring 37 of AISl 4620 hardened steel is rotated at 
100 rpm under an applied force of 40 newtons against a 
quantity of the deposited material 17 which has been 
sprayed on a substrate. Wear resistance is determined 
by measuring the wear volume of the hardened steel 
ring after about 30 minutes of testing using a 3 dimen- 
sional profilometer. TTie results of this test show that 
there is less seat recession or wear than that with pow- 
der metallurgy inserts or other equivalent prior art 
inserts. Such reduction in seat recession is due to the 
increased wear resistance and self-lubrication of the 
seat insert, there being less need for any adjustment of 
the valve lash of the engine after a predetermined 
period of use thus avoiding the need for continual valve 
train maintenance. 

[00181 The material applied by the technique of this 
invention was also tested in comparison to a standard 
production insert in a single cylinder engine. An air 
cooled 4-valve engine capable of delivering 62 hp/litre 
was fitted with two inserts (1 exhaust and 1 intake) 
made of the third selected material above. The ofter 
seat inserts were made of powdered steel, characteris- 
tic of the prior art. The single cylinder engine was oper- 
ated at 6200 rpm wide open throttle for 99 hours. The 
wear results showed that the sprayed insert of this 
invention had considerably less dimensional change 
than that for the other comparative inserts. 



[00191 High alloy inserts made for alternate fuel 
engines have a cost factor of about 6x that of powder 
metallurgy steel. Using the method of this invention, the 
cost of producing a valve seat insert for the same appli- 
cation is less than V& such costs. 
[Q0201 Figures 7a and 7b compare the microstruc- 
tures of a spray-formed seat insert by this invention with 
a powder metallurgy insert of the prior art (the micro- 
graphs are at 200x magnification). The chemistry of the 
deposit is figure 7a is 0.3-0.6 wt.% C. 10-15 Cr. 0.8-1 .2 
Mb. 25-30 Ni. 1.5-1.5 Nb. 2-5 Mo, 10-20Fe. 10=15 Fes 
O4 (magnetite) and 2-5 FeO (wuestite) and 5-10 Cu.; 
ttie chemistry of the powder metallurgy material in fig- 
ure 7b is 0.1-0.7 wl.% C. 0.8 Mo. 6 Cu. others 1-2. bal 
Fe. Figures 8a and 8b compare photomicrographs 
(200x) of deposition spray-deposit per this invention 
containing copper and a copper infiltrated powder met- 
allurgy insert. Such comparison illustrates that eHec- 
tively high levels of co-deposited copper may be 
) produced by the spray-forming process. 

Claims 

1. A method of making seat inserts by spraying bulk 
5 material, comprising the steps of: 

(a) preparing a mandrel (10) having an outside 
dimension not greater than the desired inside 
dimension of the desired insert, the mandrel 

0 (10) having means to provide for separation of 

the sprayed bulk material from the mandrel; 

(b) thermally spraying separate particles of one 
or more types of steels or ni<*el alloys in ttie 
presence of a controlled atmosphere to form a 

js bulk composite material (17) on the mandrel 

(10) having a density of at least 99%; and 

(c) after cooling the bulk material (17). remov- 
ing such material from the mandrel (10) and 
slicing the material into discrete seat insert 

40 shapes (29) for the implanting into the final 

product. 

2. A method as claimed in claim 1. in which thermal 
spraying is carried out by wire arc spraying with a 

45 controlled air shroud to promote in-situ fonnalion of 
FeO. 

3. A method as claimed in claim 1 . in which the final 
product is an aluminum alloy engine head, the seat 

BO inserts tanning valve seats for such head, said bulk 
material having a chemistry combination selected 
from the following group: 

(a) low carbon steel and FeO lubricant (2-15 
55 wt.%); , ^ 

(b) low cartxjn steel and high carbon steel and 
FeO lubricant (2-20 wt. %); and 

(c) high carbon steel and nickel alloy and iron 
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or nickel oxides. 

4. A method as claimed In claim 3, in which said bulk 
chemistry is modified by co-deposition of copper. 

5 

5. A method as claimed In any one of the preceding 
claims, in which the mandrel is a cylindrical mem- 
ber rotated relative to the thermal spray to build said 
bulk material as a multiple coating on said mandrel. 

10 

6. A method as claimed in daim 5. in which the man- 
drel is a hollow tube through which air is passed to 
control the temperature of the mandrel onA control 
cooling of the deposited bulk material. 

IS 

7. A method as claimed in daim 5. in which the man- 
drel has an outer diameter that is uniformly tapered 
along the axis of the tube, the taper being in the 
range of 1 -3°, so that upon cooling, the bulk mate- 
rial and mandrel is released at least at one end 20 
from the bulk material. 

8. A method as claimed in daim 5, in which the man- 
drel Is aluminium. 

ss 

9. A method as claimed in daim 1 , in which the man- 
drel is comprised of a material having a thermal 
expansion characteristic greater than the bulk 
material being sprayed so that, upon cooling from 
thermal spray temperatures, the bulk material so 
releases from the mandrel. 

10. A method as claimed in claim 1, in which said the 
mandrel is formed of a dissolvable or meltable 
material that resists the temperature of the ther- as 
mally sprayed deposit but which can be eeisily 
released from the bulk deposit. 
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FIG. 2 A 





FIG.2B 
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